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ABSTRACT

We focused our interest on senescent human-derived fibroblasts in the progression of
prostate cancer. Hypoxic senescent fibroblasts promote prostate cancer aggressiveness
by inducing epithelial to mesenchymal transition (EMT) and by secreting energy-rich com-
pounds to support cancer cell growth. Hypoxic senescent fibroblasts additionally increase:
i) the recruitment of monocytes and their M2-macrophage polarization, ii) the recruitment
of bone marrow-derived endothelial precursor cells, facilitating their vasculogenic ability
and iii) capillary morphogenesis, proliferation and invasion of human mature endothelial
cells. In addition, we highlight that overexpression of the hypoxia-induced miR-210 in
young fibroblasts increases their senescence-associated features and converts them into
cancer associated fibroblast (CAF)-like cells, able to promote cancer cells EMT, to support
angiogenesis and to recruit endothelial precursor cells and monocytes/macrophages.
© 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights
reserved.

Abbreviations: CAF, cancer associated fibroblast; CM, conditioned medium; COX, cyclooxygenase; EPC, endothelial progenitor cell; HIF,

hypoxia-inducible factor; HPF, human prostate fibroblasts; HUVEC, human umbilical vein endothelial cells; IL, interleukin; EMT, epithe-
lial mesenchymal transition; M-CSFR, macrophage-colony stimulating factor receptor; MMPs, matrix metallo proteinases; RS, replicative
senescence; ROS, reactive oxygen species; SA-B-Gal, senescence-associated B-Galactosidase; SASP, senescence-associated secretory
phenotype; SDF-1, stromal cell-derived factor 1; SIS, stress-induced senescence; VEGF, vascular endothelial growth factor.
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1. Introduction

It is established that tumor incidence is strongly associated
with age in mammalian species. Although somatic mutations
that accumulate in epithelial cells during aging are the major
determinants of tumor development (DePinho, 2000; Dolle
et al., 2002), it has been recently reported that a permissive
microenvironment has a key role in tumorigenesis (Hanahan
and Weinberg, 2011; Pietras and Ostman, 2010). In this sce-
nario, stromal senescent cells could alter the microenviron-
ment and contribute to increase the risk of carcinoma with
advancing age (Krtolica et al., 2001). Cell senescence is charac-
terized by an irreversible loss of proliferative ability of normal
human cells in culture (Hayflick, 1965). This can be caused by
the progressive telomere shortening or by a variety of stimuli
like DNA damage, oncogenes expression or chromatin modifi-
cation and epigenetic reprogramming (Aisner et al., 2002;
Chen et al., 1995; Di et al., 1994; Kim Sh et al., 2002; Krtolica
and Campisi, 2002; Ogryzko et al., 1996; Robles and Adami,
1998; Serrano et al., 1997). Despite the growth arrest, senes-
cent cells remain metabolically active, exhibit a classical
morphology and secrete several soluble or insoluble factors,
the so called senescence-associated secretory phenotype
(SASP), which can disrupt the function and the structure of
the surrounding tissue and promote carcinogenesis and tu-
mor progression (Coppe et al., 2010; Krtolica and Campisi,
2002). Indeed, SASP has been implicated in a wide variety of
age-related pathologies like cardiovascular diseases, osteopo-
rosis and neurodegenerative diseases as well as in promoting
tumor development and progression (Campisi et al., 2011;
Tchkonia et al., 2013). Furthermore, senescent human fibro-
blasts can disrupt the morphological and functional differen-
tiation of pre-malignant mammary epithelial cells and induce
malignant transformation (Parrinello et al., 2005). Moreover,
senescent stromal cells are able to transform immortalized,
non-neoplastic breast epithelial cells and promote progres-
sion of neoplastic cell lines (Krtolica et al., 2001). In addition,
Bavik et al. demonstrated that senescent prostate fibroblasts
stimulate the growth of pre-neoplastic and neoplastic pros-
tate epithelium through the secretion of paracrine factors
able to influence the adjacent prostate epithelial growth
(Bavik et al., 2006). In keeping with these data, in vivo studies
demonstrated that regions adjacent to cancer epithelium are
enriched in senescent stromal cells (Yang et al., 2006).

Recently, a panel of microRNAs (miRNAs) have been iden-
tified to be differentially regulated in senescent human lung fi-
broblasts (WI-38) compared to the matched pre-senescent
fibroblasts. Crucially, miR-210 results up regulated in senes-
cent fibroblasts and its overexpression induces DNA damage,
reduces cell proliferation and increases oxidative stress
(Faraonio et al., 2012).

In this study we investigated the role of senescent
stroma in the onset and progression of prostate cancer (PCa)
highlighting the central role of hypoxic senescent stroma in
sustaining the development of a pro-tumorigenic microenvi-
ronment by recruiting/organizing vessels and supporting
inflammation. In particular, we demonstrated that miR-210
overexpression increased senescence-associated features
(e.g. SASP and DNA-damage foci) in young fibroblasts and

converted them into CAF-like cells. These senescent fibro-
blasts can induce EMT in PCa cells, support tumor angiogen-
esis and endothelial precursor cells, thus
contributing to cancer progression.

recruit

2. Material and methods
2.1. Materials

Unless otherwise specified all reagents were obtained from
Sigma. Anti E-cadherin, anti vimentin, anti Glut-1, anti
MCT4, anti MCSF-R, anti actin, anti COX-2, anti-p16™%* anti-
bodies were from Santa Cruz; anti Collagenl, anti a-sma,
anti IL-6, anti IL8, anti-p21"WAF! antibodies were from AbCam,
anti human phospho-histone H2AX (5139) antibodies and the
Matrigel were from R&D System; anti-vinculin antibody was
from Sigma Aldrich. Anti CD163 antibodies were from Epi-
tomics and anti CD68 antibodies were from Dako. Anti Nitric
oxide synthase (inducible) antibodies was from Enzo Life Sci-
ences. Anti mouse Alexa 488 antibody was from Molecular
Probes. ELISA Kits (IL-10 and IL-12) were from Invitrogen. Co-
cultures separation was performed by MACS MicroBeads and
MACS Column Technology patented by Miltenyi Biotec.

2.2. Cell cultures

Human prostate cancer cells (PC3) and human umbilical vein
endothelial cells (HUVECs) were purchased from the European
Collection of Cell Cultures (ECACC). PC3 cells were cultured
in DMEM containing 10% FBS, while endothelial cells were
cultured on gelatin 1% coated dishes in EGM-2 medium
(Lonza). Endothelial progenitor cells (EPCs) were isolated
from human umbilical cord blood as previously described
(Margheri et al.,, 2011). Human prostate fibroblasts (HPFs)
were isolated from surgical explants of patients affected by
benign prostatic hyperplasia (Giannoni et al., 2010).

To induce stress-activated senescence cells were treated
for 2 h at 37 °C with 500 pM hydrogen peroxide. After treat-
ment, cells were left to recover for 1 week. For replicative
senescence, fibroblasts were cultured for 35 doublings. Repli-
cative exhaustion was confirmed in senescent cells which
showed <5% BrdU incorporation and >70% SA-B-Gal staining,
while pre-senescent fibroblasts showed >75% BrdU incorpora-
tion and <15% SA-B-Gal staining.

2.3. B-Galactosidase staining

Cells were fixed for 5 min at room temperature with 3% para-
formaldehyde in PBS. After two washes in PBS cells were incu-
bated for 24 h at 37 °C in freshly prepared senescence-
associated B-Galactosidase (SA-B-Gal) staining solution con-
taining 1 mg/ml 5-bromo-4-chloro-3-indolyl p-p-galactopyra-
noside (X-Gal), 5 mM potassium ferrocyanide, 5 mM
potassium ferricyanide, 150 mM NaCl, 2 mM MgCl, and
40 mM citric acid, pH6.0. SA-B-Gal staining is microscopically
revealed by the presence of a blue, insoluble precipitate within
the cell.
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2.4. Co-cultures separation

PC3 and fibroblasts were plated in a 1:3 ratio. After 24 h cells
were serum starved and incubated for additional 24 h in hyp-
oxic condition (1% O,). Cells were then detached with Accu-
tase (Life Technologies) and incubated for 30 min with Anti-
fibroblast MicroBeads (Miltenyi Biotec cat 130-050-601) to
selectively magnetically label fibroblasts within the co-
culture. The cell suspension is then loaded onto a MACS Col-
umn (Miltenyi Biotec cat 130-042-201) which is placed in the
magnetic field of a MACS Separator (Miltenyi Biotec cat 130-
042-102) to retain the magnetically labeled fibroblasts within
the column while unlabeled PC3 run through.

2.5. Preparation of conditioned media

Conditioned media (CM) were obtained from pre-senescent or
senescent fibroblasts grown to sub-confluence, then serum
starved for 24 h and cultured for additional 24 h in hypoxic
condition (1% O,). CM were then harvested, clarified by centri-
fugation, and used freshly.

2.6. Telomere length analysis

Total genomic DNA was extracted from pre-senescent and se-
nescent fibroblasts by DNAzol® (Life Technologies, Monza,
Italy), according to the manufacturer’s instructions. Five mi-
crograms of DNA were digested with Hinf I (10 U/ul, New En-
gland Biolabs, Ipswich, MA) and resolved on a 1.2% agarose
gel by pulsed field gel electrophoresis (5 V/cm, 0.5-5 s switch
times, 14 °C for 17 h). Lambda DNA-Hind III digest (Bio-Rad
Laboratories, Segrate, Italy) was used for size determination
of telomere restriction fragments (TRF). After UV cross-
linking (60 mJj/cm? for 1 min), denaturation (1.5 M NaCl;
0.5 M NaOH) and neutralization (3 M NaCl; 0.5 M Tris pH 7.5),
DNA was transferred onto nylon membranes (Hybond N,
GE Healthcare Europe GmbH, Milano, Italy). Filters were
then hybridized for 3 h at 42 °C in rapid hybridization buffer
(Roche Applied Science, Monza, Italy) in the presence of
digoxigenin-labeled telomeric probe (TTAGGG),;. TRFs were
detected by autoradiography using the DIG Luminescent
Detection Kit (Roche Applied Science), according to the manu-
facturer’s instructions. Autoradiographs were scanned
(ImageScanner III, GE Healthcare) and densitometric analysis
was carried out on gray scale images using Image] 1.46r.
Mean telomere length was calculated as TL = ) (ODi)/}
(ODi/MWi) where ODi and MWi are the optical density and
the molecular weight at position i, respectively (Kimura
et al., 2010). The upper and lower limits of TRF distribution
for calculation of mean TRF length were set at 20 and 2 kb,
respectively.

2.7. Western blot analysis

Fibroblasts, PC3 cells or macrophages derived from our exper-
imental conditions were lysed for 20 min on ice in 500 pl of
RIPA lysis buffer (50 mM Tris—HCl, pH 7.5, 150 mM NaCl, 1%
Triton X-100, 2 mM EGTA, 1 mM sodium orthovanadate,
1 mM phenylmethanesulphonyl-fluoride, 10 mg/ml aprotinin,
10 mg/ml leupeptin). Twenty micrograms of total proteins

were loaded on SDS—PAGE, separated and transferred onto
nitrocellulose. The immunoblots were incubated in 3% bovine
serum albumin, 10 mmol/L Tris—HCI (pH 7.5), 1 mmol/L EDTA,
and 0.1% Tween 20 for 1 h at room temperature, probed first
with specific antibodies and then with appropriate secondary
antibodies. Bound antibodies were detected using the Novex
ECL, HRP Chemiluminescent substrate Reagent Kit (Life Tech-
nologies). Filters were autoradiographed and images were ac-
quired by Biospectrum Imaging System (Ultra-Violet Products
Ltd, Cambridge, UK).

2.8. Invasion assay

After co-culture separation, 8 x 10* PC3 cells were seeded
onto Matrigel-precoated Boyden chamber (8 mm pore size,
6.5 mm diameter, 12.5 ug Matrigel/filter). In the lower cham-
ber, complete medium was added as chemoattractant.
Following 24 h of incubation, the inserts were removed and
the non-invading cells on the upper surface were removed
with a cotton swab. The filters were then stained using the
Diff-Quik kit (BD Biosciences) and photographs of randomly
chosen fields are taken. For monocytes recruitment 10° cells
were seeded onto 5 pum-pore-size polyvinylpyrrolidone-free
polycarbonate filters. Migration towards conditioned media
from pre-senescent or senescent cells was allowed for 2 h
at 37 °C. For HUVEC invasion and EPC migration,
5 x 10* cells were seeded onto Boyden chamber with or
without Matrigel (8 mm pore size, 6.5 mm diameter, 12.5 pg
Matrigel/filter).

2.9. Proliferation assay

2 x 10® HUVEC cells were seeded in 96-multiwell plates and
serum starved for 24 h before the addition of conditioned me-
dia for 48 h. Cell growth was stopped by removing the medium
and by the adding a 0.5% crystal violet solution in 20% meth-
anol. After 5 min of staining, fixed cells were washed with
PBS and solubilized with 200 pl/well of 0.1 M sodium citrate,
pH 4.2. The absorbance at 595 nm was evaluated using a
microplate reader.

2.10. Real time RT-PCR

Total RNA from fibroblasts or PC3 cells was extracted using
RNeasy (Qiagen) according to the manufacturer’s instructions.
Strands of cDNA were synthesized using a high capacity cDNA
reverse transcription kit (Applied Biosystem) using 1 pg of to-
tal RNA. For quantification of mRNA expression, Real-Time
PCR, using Power SYBR green dye (Applied Biosystem) was
done on a 7500 Fast Real Time PCR system (Applied Bio-
system). The primers were IL-6: 5-TCAAACTGCATAGC
CACTTTCC-3 (forward), 5'-AGTTCCTGCAGTCCAGCCTGAG-3
(reverse); IL-8: 5-CTGGCCGTGGCTCTCTTG-3' (forward), 5'-
TTAGCACTCCTTGGCAAAACTG-3' (reverse); VEGF-A 5-TACC
TCCACCATGCCAAGTG-3' (forward), 5'-ATGATTCTGCCCTCC
TCCTTC-3' (reverse); MMP3: 5'-TTCCTGGCATCCCGAAGTGG-3
(forward), 5-ACAGCCTGGAGAATGTGAGTGG-3' (reverse).
Data were normalized to those obtained with Glyceralde-
hyde-3-phosphate ~ dehydrogenase  primers. Results
(mean + SD) are the mean of three different experiments.
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For what concerns miRNA expression analysis, total RNA,
including small RNAs, was purified using RNeasy kit from Qia-
gen. The reverse transcription reaction of 1 pg of total RNA
was carried on using miScript II RT kit (Qiagen) and the quan-
tification of miR210 expression level was assessed by Real
Time PCR using miScript SYBR Green PCR kit and miScript
Primer Assay-HsmiR-210 from Qiagen. SNORD61 was used as
normalizer (miScript Primer Assay-HsSNORD61 from Qiagen).

2.11. Macrophages differentiation

Human monocytes were obtained from normal donor
buffy coat by gradient centrifugation using Ficoll (Histopa-
que-1077). Non-adherent cells were removed and purified
monocytes were incubated for 7 days in RPMI 1640 supple-
mented with 10% FBS and 50 ng/ml macrophage-colony
stimulating factor (M-CSF) to obtain macrophages. M1 macro-
phages were polarized by stimulating overnight with
Lipopolysaccharide (100 ng/ml) (Peprotech) and IFNy (100 ng/
ml) (Peprotech). M2 macrophages were polarized by stimu-
lating over-night with interleukin-4 (IL-4) (20 ng/ml) (Pepro-
tech). M2-like macrophages were obtain by culturing
monocytes for 7 days in RPMI 1640 10% FBS plus 50% of condi-
tioned medium from pre-senescence or senescent cells.

2.12. Matrigel angiogenesis in vitro

Fifty microliters of Matrigel 1 mg/ml was added to each well of
a 96-well plate and then placed in a humidified incubator at
37 °C for 30 min. HUVECs (2 x 10* cells/well) were added to
the Matrigel-coated plates in the presence of 200 ul condi-
tioned media of senescent or pre-senescent cells. The effects
on the morphogenesis of endothelial cells were recorded after
6 h with an inverted microscope equipped with CCD optics
and a digital analysis system. Results were quantified by
measuring the joint numbers in the field.

2.13. Transfection

miR-210 precursor (Pre-miR™) and negative controls
(mirVana™ miRNA Mimic, Negative Control #1 and Pre-miR™
miRNA Precursor Negative Control #1) were purchased from
Life Technologies, miRCURY LNA Inhibitor was from Exigon.
Fibroblasts were transfected for 4 h at 37 °C with 20 nmol/L
miRNA precursors or miRCURY LNA Inhibitor using

Lipofectamine-2000 (Life Technologies), according to the man-
ufacturer’s instructions. miR-210 mRNA expression was
assessed by qRT-PCR using miScript SYBR Green PCR Kit.

2.14. Lactate assay

Lactate was measured in the cultured media with Lactate
Assay kit (Source Bioscience Life Sciences) according to the
manufacturer’s instructions. Results were normalized for to-
tal cellular protein.

2.15. Lactate dehydrogenase activity assay

Cell lysis was performed at 4 °C in 50 mM Tris, pH 7.4, contain-
ing 5 mM dithiothreitol and Sigma protease inhibitors mix (1/
100, v/v). After 30 min of incubation on ice, lysates were son-
icated and centrifuged at 12,000 g in a microcentrifuge at
4 °C for 30 min. Supernatants were quantified with respect
to protein content by Bradford method. Lactate dehydroge-
nase (LDH) activity was assayed at 37 °C continuously
following the decrease of NADH absorbance at 340 nm.
Twenty microliters of supernatants were used to performed
the analysis in 1 mL of reaction mix as follows: 500 uL. TRAP/
3 (Triethanolamine 100 mM, EDTA 10 mM, pH 7.6), 440 pL
deionized H,0, 20 pL NADH 10 mM, 20 pL sodium pyruvate
40 mM.

2.16. Ketone bodies production

Cells were maintained in DMEM without phenol-red and me-
dia are then collected. Keto-acid concentration was measured
according to the manufacturer’s instructions using the B-Hy-
droxy-butyrate Assay kit (BioVision). Results were normalized
for total protein amounts.

2.17. Immunocytochemistry

After washing with PBS, cells were fixed with 3.7% formalde-
hyde solution in PBS for 20 min at 4 °C. Then, after extensive
washes in PBS, cells were permeabilized with 0.1% Triton X-
100 in PBS and then stained with a 50 pg/ml fluorescent phal-
loidin conjugate solution in PBS, phalloidin-TRITC, for 1 h at
room temperature or with anti-human phospho histone
H2AX (S139) antibodies and then with Anti mouse Alexa 488
antibodies. After several washes with PBS, the coverslides

Figure 1 — Human prostate fibroblasts induced to senesce by oxidative stress or cellular replication exhibit a senescence-associated secretory
phenotype. A) Representative images of pre-senescent fibroblasts, replicative exhausted fibroblasts, or fibroblasts treated with 500 pM H,O, for
2 h at 37 °C stained for SA-B-Gal, or fixed and examined by immunofluorescence for H2AX phosphorylated on Ser139 (y-H2AX) and

counterstained with propidium iodide or Phalloidin. B) Representative southern blot image (left) showing the distribution of telomere restriction

fragments in pre-senescent and replicative exhausted fibroblasts. Internal control: restriction-digested DNA from the telomerase-positive human

HeLa cells; numbers on the left indicate the molecular size marker (bp: base pairs). Table shows mean telomere length in each sample, calculated

as reported in the Material and Methods section, and the difference between mean values (A) observed in RS compared to pre-senescent

fibroblasts. Representative western immunoblotting (right) showing the expression levels of the cyclin-dependent kinase inhibitors p16INK4 and

PZIWAFI

in pre-senescent, replicative exhausted and H,O,-treated fibroblasts. An anti-vinculin antibody was used to ensure equal protein loading.

C) Monolayers of cells treated as in A) were serum starved for 24 h and then incubated for additional 24 h in hypoxic condition (i.e., 1% O,). Total
RNA was extracted and IL-6, IL-8, VEGF-A, MMP-3 mRNA expression level were analyzed by qRT-PCR. MMP-2 activity was assayed by
gelatine zymography and a representative bar graph is shown. Results are representative of three experiments with similar results. *p < 0.005

senescent cells vs pre-senescent cells. #p < 0.001 senescent cells vs pre-senescent cells.
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Figure 2 — Senescent fibroblasts induce both a pro-invasive phenotype and a trophic effect on PCa cells. A) Co-cultures of fibroblasts and PC3
were serum starved for 24 h and incubated for additional 24 h in hypoxic condition (1% O,). Cells were then separated and 8 X 10* PC3 cells were
allowed to invade in a Boyden Chamber. Invading cells were counted, and a bar graph, representative of six randomly chosen fields, is shown.

*p < 0.005 senescent cells vs pre-senescent cells. B) PC3 cells were treated as in A), cell lysates were obtained to evaluate E-cadherin and vimentin
amounts. C) PC3 cells were treated as in A), total RNA was extracted and ZEB1 and ZEB2 mRNA expression level was quantified by qRT-PCR.

The results are representative of three experiments with similar results. *» < 0.005 senescent cells vs pre-senescent cells. D) 8 x 10* PC3 cells,
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were mounted with glycerol plastine and then observed under
a confocal fluorescence microscope (Leica).

2.18. Gene expression analysis of publicly available
datasets

Data were obtained mapping miR210HG (44211_at), MMP3
(437_at) and IL8 (35372_r_at) to GSE6919 datasets; IL6 (ID564)
to GSE21032 and MMP2 (39007_at) to Welsh dataset (Welsh
et al., 2001). Data were retrieved from GEO profiles or Onco-
mine (www.oncomine.org), normalized and log2 scaled (if
needed), median centered and statistical analysis was per-
formed using Prism software (GraphPad Software, La Jolla,
CA, USA). Data were compared using Student’s t-test or one-
way ANOVA as indicated in Figure legend.

2.19. Statistical analysis

Data are presented as means + SD from at least three inde-
pendent experiments. Statistical analysis of the data was per-
formed by Student’s t test. p values of <0.05 were considered
statistically significant.

3. Results

3.1. Senescent fibroblasts induce a pro-invasive and
proliferative phenotype of PCa cells

Cell senescence was first described as the process that limits
the proliferation of normal cells in culture (Hayflick, 1965).
This event is mainly due to the progressive telomere short-
ening during cell replication, but can also occur following
oxidative stress, expression of distinct oncogenes and epige-
netic perturbations in chromatin organization (Aisner et al.,
2002; Chen et al., 1995; Di et al., 1994; Kim Sh et al., 2002;
Krtolica and Campisi, 2002; Ogryzko et al., 1996; Robles and
Adami, 1998; Serrano et al., 1997). In this study, we used pri-
mary prostate fibroblasts induced to senesce by replication
in culture (RS) or by treatment with H,0, (SIS) in comparison
to pre-senescent cultures. As shown in Figure 1A, both exper-
imental conditions are able to induce senescence as demon-
strated by the increase in SA-B-Galactosidase activity (SA-B-
Gal) and the accumulation of senescence-associated YH2AX
foci in cell nuclei. In addition, senescent cells exhibit a clas-
sical morphology characterized by increased granularity,

enlarged and flattened shape as evidenced by anti-
phalloidin staining. Moreover, cells undergoing RS were char-
acterized by shortened telomeres (mean telomere length:
8.1 kb) compared to non-senescent fibroblasts (mean telo-
mere length: 9.1 kb) (Figure 1B). Consistently, a marked accu-
mulation of the cyclin-dependent kinase inhibitors p16™**
and p21WAf! occurred in RS compared to pre-senescent cells
and a pronounced accumulation of p21WAF! was also
observed in SIS fibroblasts, dealing with the induction of pre-
mature senescence (Figure 1B). Furthermore, both experi-
mental conditions lead to the activation of SASP, as
monitored by secretion of several inflammatory and angio-
genic cytokines, such as IL-6, IL-8, VEGF-A, MMP3, MMP2
(Figure 1C). We performed these experiments in 1% O, since
senescent fibroblasts secrete higher levels of many SASP-
related factors in hypoxic condition rather than in 20% O,
(Coppe et al., 2008). Additionally, the hypoxic experimental
setting is very close to the actual environment in which tu-
mor cells grow and progress towards malignancy (Harris,
2002). We next investigated whether senescent fibroblasts
co-cultured with prostate cancer cells are able to affect the
behavior of the neighboring cancer cells. As shown in
Figure 2A—C hypoxic senescent cells promote an increase of
three-dimensional matrix invasiveness of PCa cells. Indeed,
hypoxic senescent fibroblasts elicit a clear EMT in PC-3
cells as demonstrated by the expression of known EMT
markers. Specifically we observed the up-regulation
of ZEB1, ZEB2 and vimentin and the down-regulation of
E-cadherin (Figure 2B,C). As shown in Figure 2D, blocking
IL-6, IL-8 or MMPs by specific antibodies or Ilomastat, respec-
tively, partially reverts the increased invasiveness of PC3
cells, suggesting that SASP is the driving force to direct a
pro-invasive effect in PC3 cells stimulated by hypoxic senes-
cent cells. Besides, the contact with senescent cells exerts a
trophic effect on PCa cells as shown by the increase of PC3
cell proliferation when co-cultured with senescent cells
(Figure 2E). These data are in line with our previous findings
of a reciprocal interplay between CAFs and prostate cancer
cells. This bidirectional interaction has been shown to be
importantly mediated by a hypoxia-inducible factor 1 (HIF-
1) dependent mechanism in which increased stromal produc-
tion of lactate sustains cancer cell growth (Fiaschietal., 2012).
Similarly, hypoxic senescent fibroblasts increased the
glucose importer Glut-1 and the lactate exporter MCT4.
Accordingly, they secrete energy-rich metabolites, such as
L-lactate and ketone bodies that support tumor cell growth

after 24 h of serum starvation were seeded into the upper compartment of Boyden chamber. Cells were allowed to migrate through the filter coated

with Matrigel toward the lower compartment filled with CM from pre-senescent or senescent fibroblasts in the presence of 0.8 pg/ml IL-6 and

1 pg/ml IL-8 blocking antibodies or 50 pM Ilomastat. Cell invasion was evaluated after Diff-Quick staining by counting cells in six randomly

chosen fields. The bar graphs represent the number of invading cells in six randomly chosen fields of triplicate experiments. *» < 0.005 senescent

cells vs pre-senescent cells; #p < 0.005 treated senescent cells vs untreated senescent cells. E) 5 x 10* PC3 were plated with fibroblasts in a ratio
1:3 for 48 h. The co-culture were serum starved for 24 h and incubated for additional 24 h in hypoxic condition (1% O,). Cells were then separated

and PC3 cells were counted to evaluated cell growth. Proliferation index has been reported in the bar graph. *» < 0.005 senescent cells vs pre-

senescent cells. F—G) Pre-senescent or senescent fibroblasts were serum starved for 24 h and incubated for additional 24 h in hypoxic condition

(1% O,), conditioned media are then collected and lactate assay and ketone bodies assay were performed. The results are representative of three

experiments with similar results. *p < 0.005 senescent cells vs pre-senescent cells. H) Cell treated as in A) were lysed and subjected to Glut-1,

MCT4 and actin immunoblot analysis or a Lactate dehydrogenase activity assay performed (I). The results are representative of three experiments

with similar results. *p < 0.005 senescent cells vs pre-senescent cells.
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Figure 3 — Conditioned media from senescent fibroblasts recruit human monocytes and differentiate them into M2 macrophages. A) Monocytes
isolated from normal donor buffy coat were serum starved and then were allowed to migrate for 2 h toward CM of pre-senescent or senescent
fibroblasts. As positive control CM of fibroblasts activated with 10 ng/ml TGF-p for 24 h was used. #p < 0.005 TGF-B-treated cells vs starvation;
*p < 0.005 CM senescent cells vs CM pre-senescent cells. B) Human monocytes were cultured for 7 days in CM from pre-senescent or senescent
fibroblasts. As a positive control of differentiation, monocytes were cultured for 7 days with MCSF (50 ng/ml). Differentiated macrophages were
counted, and a bar graph, representative of six randomly chosen fields, is shown. #p < 0.005 MCSF treated cells vs untreated; *» < 0.005 CM
senescent cells vs CM pre-senescent cells. C) Monocytes were cultured as in B). Cells were lysed and the expression of MCSF-R and actin was
evaluated by immunoblots. D) M1 and M2 macrophages were obtained as reported in the Material and Methods section. Cells were treated as in B
and the levels of IL-12 or IL-10 were measured by ELISA test. #» < 0.005 CM M1 cells vs CM M2 or CM fibroblasts; *» < 0.005 CM senescent
cells vs CM pre-senescent cells. Cell lysates were subject to immunoblot analysis to evaluate the expression of COX-2, iNOS and actin.

(Figure 2F—H). In addition, also Lactate dehydrogenase (LDH) 3.2. Senescent fibroblasts promote macrophage

activity is increased in senescent fibroblasts (Figure 2I). differentiation and angiogenesis
Thus, hypoxic senescent fibroblasts have both a promoting
effect on tumor invasiveness and a trophic effect by inter- We have previously demonstrated that CAFs promote the

fering with the metabolism of cancer cells. recruitment of monocytes and macrophage differentiation
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Figure 4 — Conditioned media from senescent fibroblasts increase in wvifro angiogenesis. A) EPC cells, after 24 h of serum starvation, were seeded
into the upper compartment of a2 Boyden chamber. Cells were allowed to migrate through the filter toward the lower compartment containing CM
of pre-senescent or senescent fibroblasts medium. Cell migration was evaluated after Diff-Quick staining by counting cells in six randomly chosen
fields. The results are representative of three experiments with similar results. *p < 0.005 CM senescent cells vs CM pre-senescent cells. B)
HUVEC: were seeded on Matrigel coated multiwell in the presence of CM of pre-senescent or senescent cells for 6 h at 37 °C. Cord formation was
examined by phase-contrast microscopy. The total number of junctions for optical field is counted. Results are representative of three independent
experiments. *p < 0.005 CM senescent cells vs CM pre-senescent cells. C) HUVEC cells, after 24 h of starvation in 1% serum were seeded into the
upper compartment of Boyden chamber. Cells were allowed to migrate through the Matrigel-coated filter toward the lower compartment filled
with CM of pre-senescent or senescent fibroblasts. Cell invasion was evaluated after Diff-Quick staining by counting cells in six randomly chosen
fields. The results are representative of five experiments with similar results. *p < 0.005 CM senescent cells s CM pre-senescent cells. D) 2 x 10°
HUVEC: were seeded in triplicate in 96-multiwell plates and serum starved for 24 h. Cells were grown for 48 h at 37 °C in the presence of CM of
pre-senescent or senescent fibroblasts. Cell proliferation was evaluated after Crystal Violet staining. The results are representative of three

experiments with similar results. *p < 0.005 CM senescent cells vs CM pre-senescent cells.

towards a pro-tumorigenic M2 phenotype (Comito et al.,
2014). Here, we investigated whether senescent fibroblasts
are able to recruit monocytes and eventually to differentiate
them into macrophages. We observed that CM from hypoxic
senescent stroma efficiently recruits circulating monocytes
(Figure 3A). In addition, incubation of human blood

monocytes with CM from hypoxic senescent fibroblasts pro-
motes their differentiation to macrophages as demonstrated
by morphological changes (Figure 3B) and by M-CSF receptor
(M-CSFR) expression level increase (Figure 3C). Moreover, the
absence of cyclooxygenase-2 (COX-2) and iNOS, as well as IL-
10 and IL-12 production, demonstrated that macrophage
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of at least 200 cells were averaged and expressed as percent of positive SA-B-Gal staining +SD. *p < 0.005 HPF + TGF or CAF vs HPF. B) Cell
treated as in A) were fixed and examined by immunofluorescence for H2AX phosphorylated on Ser139 (y-H2AX) and counterstained with

propidium iodide. Counts of at least 200 cells were averaged and expressed as percent of y-foci positive staining +SD. *» < 0.005 HPF + TGFp

or CAF os HPF.

differentiation is polarized towards the M2 phenotype.
Indeed we observed undetectable level of COX-2 and iNOS
and an IL-12"°" and IL-10M8" production (Figure 3D). Thus,
CM from hypoxic senescent stroma causes macrophage po-
larization towards the pro-tumorigenic M2 phenotype,
contributing to an immunosuppressive microenvironment.

We next investigated the role of hypoxic senescent
stroma on tumor vascularization and neo-angiogenesis,
other key phenomena in cancer growth and metastasis.
First, we assessed the ability of senescent cells to recruit
endothelial progenitor cells (EPCs) isolated from human
umbilical cords in a chemoattraction assay. CM of senes-
cent fibroblasts cultured in low-oxygen condition, positively
influence the recruitment of EPCs suggesting a direct
involvement of such compartment in tumor vascularization
(Figure 4A). To better investigate the neo-angiogenesis pro-
cess, we performed an in vitro capillary morphogenesis
assay: HUVEC cells were exposed to CM from hypoxic se-
nescent or pre-senescent fibroblasts in Matrigel-coated
plates. As shown in Figure 4B, CM from hypoxic senescent
stroma produced a marked increase in capillary-like
network formation already appreciable after 6 h of treat-
ment. As shown in Supplementary Figure 1, blocking of IL-
6, IL-8 with selective antibodies or MMPs with MMPs inhib-
itor Ilomastat decrease cell capillary morphogenesis, sug-
gesting that SASP is involved in the neo-angiogenesis
process. In agreement with a central role of senescent
stroma in angiogenesis, CM derived from senescent fibro-
blasts were also able to stimulate both invasion and prolif-
eration of HUVEC as monitored by invasion and
proliferation assays (Figure 4C,D). These results strongly
support the concept that SASP is crucial to develop a capil-
lary network that facilitates tumor oxygenation and there-
fore cancer growth.

3.3. Role of miR-210 in the functional correlation
between fibroblast activation and senescence

We have observed that many distinctive features of cell
senescence resemble those of fibroblasts activation. Indeed,
both CAFs and senescent fibroblasts can induce EMT of cancer
cells, increase their trophism and interfere with the behavior
of microenvironmental neighboring components like mono-
cytes and endothelial cells (Comito et al., 2014; Fiaschi et al.,,
2012; Giannoni et al.,, 2011). Furthermore, many cytokines
typical of SASP are pro-inflammatory cytokines that could
also be secreted by activated fibroblasts (Bavik et al., 2006;
Cirri and Chiarugi, 2012; Coppe et al., 2008; Giannoni et al.,
2010). Firstly, we investigated whether in vitro activated
HPFs or CAFs share some typical traits of cellular senescence.
Strikingly, both CAFs and HPFs stimulated with TGF-§ are B-
Gal and y-H2AX-positive, thus suggesting a strict correlation
between senescent «cells and activated fibroblasts
(Figure 5A,B). To corroborate this hypothesis, we investigated
whether senescence-related gene signatures could correlate
with activated fibroblasts. Gene Set Enrichment Analysis
(GSEA) demonstrated an enrichment of a gene set up-
regulated in senescent fibroblasts upon p53 inactivation
(TANG_SENESCENCE_TP53_TARGETS_UP) among genes that
are down-regulated during fibroblast activation, either occur-
ring in vivo by contact with tumor cells (i.e. CAFs) or in vitro by
stimulation with TGF-B (Supplementary Table 1). On the other
hand, genes that are down-modulated upon p53 inactivation,
hence likely favoring the establishment of senescence
(TANG_SENESCENCE_TP53_TARGETS_DN), were found to be
enriched in genes up-regulated in patient-derived CAFs
(Supplementary Table 1). These correlations suggest a poten-
tial common transcriptional program between CAFs and se-
nescent cells.
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Figure 6 — miR-210 induces fibroblasts activation and promotes PCa invasiveness. A) HPFs were transfected with miR-210 or miRneg for 48 h.
HPFs treated with 10 ng/ml TGF-p for 48 h were used as control of fibroblasts activation. Collagen I and aa—SMA expression was assessed by
immunoblot analysis. B) QRT-PCR measurement of miR-210 expression levels in HPFs after 48 h of transfection with miR-210 or miRneg.

*p < 0.005 miR-210 transfected cells vs miRneg transfected cells. C) PC3 cells were incubated for 48 h with CM derived from HPFs treated as in
A, PC3 cells were then allowed to invade for 24 h through the filter coated with Matrigel toward the lower compartment filled with complete
growth medium. Photographs are representative of four randomly chosen fields. *p < 0.005 CM miR-210 transfected cells or TGF-B vs CM
miRneg transfected cells. D) E-cadherin expression was assessed by immunoblot analysis on cell lysates of PC3 treated for 72 h with CM derived by
HPFs treated as in A). Photographs of representative fields are shown.

miRNAs are key regulators of gene expression. Changes in described in several models, human prostatic fibroblasts
the expression/regulation of a single miRNA could influence show a six-fold increase of miR-210 expression levels when
several genes and hence several cellular functions. miR-210 cultured in hypoxic condition (Supplemenatry Figure 2).
is a hypoxia-associated miRNA. In line with what has been Furthermore, Faraonio and colleagues have recently reported
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Figure 7 — (continued)

the up regulation of miR-210 during cell senescence (Faraonio
et al,, 2012). Importantly, transfection of fibroblasts with the
miR-210 synthetic precursor caused a marked increase in a-
SMA and collagen type I expression (Figure 6A,B), established
features of fibroblasts activation. Consequently, miR-210
seems to be the potential candidate to link hypoxia, fibroblasts
senescence and activation in our experimental model.
Accordingly, CM from miR-210 transfected fibroblasts induced
increased invasiveness and a clear EMT in PC3 cancer cells
(Figure 6C,D). To support the link between fibroblasts activa-
tion and SASP, we demonstrated that CM from miR-210 ectop-
ically expressing fibroblasts, treated with IL6/IL8 blocking
antibodies or Ilomastat, impairs PC3 invasiveness

(Supplementary Figure 3). We demonstrated that miR-210
overexpression has a key role in the induction of cell senes-
cence when transfected in pre-senescent cells as shown by
positive staining with SA-B-Gal and y-H2AX foci (Figure 7A).
In keeping with a central role of miR-210 in the induction of
cell senescence, miR-210 ectopically expression activates the
SASP, as shown by increased levels of IL-6, IL-8, VEGF-A,
MMP3, MMP2 transcripts (Figure 7B). In agreement, LNA-
mediated miR-210 silencing was able to revert senescence in-
duction as demonstrated by the marked decrease in the num-
ber of SA-B-Gal-positive cells (Figure 7C). We next investigated
whether miR-210 levels were up-regulated in fibroblasts un-
dergoing RS and SIS. As demonstrated by quantitative Real

cell lysates were subject to immunoblot to evaluate E-cadherin and vimentin or (G) used for total RNA extraction and quantification of ZEB1 and
ZEB2 mRNA expression level by qRT-PCR. The results are representative of three experiments with similar results. *p < 0.005 miR-210
transfected HPFs vs miRneg transfected HPFs. H—I) HPF's were transfected with miR-210 or miRneg. After 72 h cells were serum starved for 24 h
and then Lactate assay and ketone bodies assay were performed. *p < 0.005 miR-210 transfected HPFs vs miRneg transfected HPFs. L) EPC cells,
after 24 h of serum starvation, were seeded into the upper compartment of Boyden chamber. Cells were allowed to migrate through the filter toward
the lower compartment filled with CM of HPFs transfected with miR-210 or miRneg. *p < 0.005 miR-210 transfected HPFs vs miRneg
transfected fibroblasts. M) HUVECs were seeded on Matrigel coated plate in presence of CM of HPF's transfected with miR-210 or miRneg. Cord

formation was examined by phase-contrast microscopy. The total number of junctions for optical field is counted. Results are representative of

three independent experiments. *p < 0.005 miR-210 transfected HPFs vs miRneg transfected fibroblasts.
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Time RT-PCR, miR-210 expression levels increased in both cell
models, confirming the link between miR-210 expression and
cell senescence (Figure 7D). Furthermore, co-culturing PC3
cells with miR-210 transfected fibroblasts induced an increase
in cancer cell invasiveness (Figure 7E). Cancer cells invasive-
ness was associated with EMT traits as shown by decreased
expression of E-cadherin and increased expression of vimen-
tin, ZEB1 and ZEB2 (Figure 7F,G). Senescent fibroblasts induced
by miR-210 expression can produce energy-rich metabolites,
such as 1-lactate and ketone bodies to fuel tumor cell growth,
similar to what has been demonstrated for activated fibro-
blasts (Figure 7H,I). In keeping with the already observed key
role of senescent fibroblasts in the activation of microenviron-
mental components, we found that miR-210 expressing senes-
cent fibroblasts affect the recruitment of EPCs and HUVEC
capillary morphogenesis (Figure 7L,M), thus confirming a cen-
tral role of senescent stroma in promoting cancer growth and
dissemination.

Finally, to emphasize the importance of senescence in
tumor progression, we analyzed whether the typical
markers of senescence have a role in prostate cancer pro-
gression. Data mining of publicly available tumor datasets
highlights the importance of senescent related marker in
prostate cancer progression. By analyzing a cohort of 171
samples (GSE6919), miR-210 expression levels is significantly
higher in metastatic prostate cancers when compared to
normal tissue, tissue adjacent to tumor site and primary
prostate cancers, all displaying similar expression levels
(Figure 8A). In the same dataset, both MMP3 (Figure 8B)
and IL-8 (Figure 8C) expression levels are enhanced in met-
astatic prostate cancers when compared to primary tumors.
Importantly, both primary tumor and tissue adjacent to tu-
mor show a higher expression of IL-8 when compared to
normal prostate tissue. This could be explained by the
higher inflammatory response that characterizes the tumor
sites when compared to normal prostate tissue. Serum IL-6
levels have a prognostic relevance in prostate cancer
(Nakashima et al., 2000) and IL-6 can promote prostate
tumorigenesis (Rojas et al., 2011). By analyzing a cohort
of 179 samples (GSE21032), we found that IL-6 expression
is significantly increased in the samples
when compared to normal prostate tissue (Figure 8D).
Finally, the analysis of a small cohort of prostate cancer pa-
tients showed a higher MMP2 expression levels in the tumor
samples, with a borderline statistical significance
(Figure 8E).

tumor

4. Discussion

Data herein presented show the central role of hypoxic se-
nescent stroma in stimulating prostate tumor cell aggressive-
ness, acting not only on cancer cells themselves, but also
sustaining a reactive microenvironment able to positively in-
fluence inflammation and angiogenesis. Moreover, we
pointed out a fascinating role for miR-210 in mediating, at
least in part, these phenomena. The hypoxia-associated
miRNA, miR-210 has been previously identified as up-
regulated during both replicative and chemically induced
senescence of human diploid fibroblasts (Faraonio et al,

2012). Oxidative stress and DNA damage, which promote
replicative senescence, induce miR-210 expression that favors
DNA damage and oxidative stress creating a vicious loop to
sustain cell senescence (Faraonio et al., 2012). Little is known
about the molecular targets of miR-210 involved in cell senes-
cence. However, miR210 induction has been reported to asso-
ciated with the down regulation of iron—sulfur cluster
scaffold protein homolog and cytochrome-c oxidase assem-
bly protein responsible for the decrease of mitochondrial
function and the increase of reactive oxygen species (ROS)
(Chen et al., 2010). In addition, the overexpression of miR-
210 affects the expression levels of several subunits of the
electron transport chain complexes I and II, including the
subunit D of succinate dehydrogenase complex, thus leading
to mitochondrial dysfunction in lung adenocarcinoma A549
cells (Puissegur et al., 2011). In keeping with the close link be-
tween cell senescence and DNA damage, forced expression of
miR-210 was found to suppress the levels of RAD52, which is
a key factor in DNA repair by homologous recombination
(Crosby et al., 2009). In addition, miR-210 is able to affect
also cell cycle progression, by targeting E2F transcription fac-
tor 3 and the fibroblast growth factor receptor like 1 (Biswas
et al., 2010; Tsuchiya et al.,, 2011). Furthermore, Overhoff
et al. demonstrated that miR-210 enhanced expression leads
to the repression of members of Polycomb group proteins,
thereby activating pl6 to promote senescence (Overhoff
et al., 2014).

Our data identify miR-210 as a “trait d’'union” molecule
between hypoxia-induced cell senescence and fibroblast
activation. In fact, the ectopic overexpression of miR-210
converted healthy fibroblasts into CAFs as assessed by a-
SMA and collagen type I increased expression levels
(Figure 6A). Indeed, the senescence-inducing stimuli used
in our work (e.g. H,O, treatment and oxidative stress) have
been also described to induce myofibroblasts differentiation
and to promote autophagy in CAFs (Liu et al., 2011; Tian
et al., 2011; Waghray et al., 2005). In fact, mesenchy-
mal-mesenchymal transition is strongly dependent on
oxidative stress in both neoplastic and fibrotic disease
(Amara et al., 2010; Bocchino et al., 2010; Giannoni et al.,
2012). In a model of tumor—stroma interaction of skin carci-
nogenesis, Cat et al. reported that TGF-B-induced trans-
differentiation of fibroblasts is a ROS-dependent event (Cat
et al., 2006). Moreover, Toullec et al. showed that ROS can
promote the conversion of fibroblasts into highly migrating
myofibroblasts in a HIF-1 dependent mechanism (Toullec
et al., 2010). Thus, oxidative stress is the driving force for
both activation and establishment of the senescent pheno-
type of fibroblasts. Senescent and activated fibroblasts
have similar phenotypes. In fact, the activated fibroblasts
have increased levels of miR-210, acquire a secretory pheno-
type, increase their proliferation and can establish a cross-
talk with the surrounding tissues by sustaining EMT of
cancer cells and activating monocytes and endothelial cells
(Comito et al., 2014; Fiaschi et al.,, 2012; Giannoni et al,,
2011). Moreover, we have previously reported, along with
others, that CAFs can promote tumor progression by sus-
taining inflammation (Giannoni et al., 2011; Kalluri and
Zeisberg, 2006). CAFs mediate the inflammatory response
by secreting chemokines such as monocyte chemotactic
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protein 1, stromal cell-derived factor 1 (SDF-1) and inflam-
matory factors like IL-1, IL-6, COX-2 and chemokine (C-X-C
motif) ligand 1 (Erez et al., 2010, 2013; Kalluri and Zeisberg,
2006). Indeed, SDF-1 secretion is responsible for CAF-
mediated monocytes recruitment (Comito et al., 2014).
Furthermore, CAFs positively affect the development of a
capillary network able to oxygenate tumor. In breast and
prostate carcinomas, CAFs have been involved in recruiting
EPCs, through the secretion of SDF-1, thereby promoting tu-
mor vascularization (Giannoni et al.,, 2013; Orimo et al.,
2005). In this work, we demonstrate that SIS, RS as well as
senescence induced by miR-210 overexpression lead to the
recruitment of both monocytes and endothelial cells to sup-
port tumor growth. In keeping, we demonstrated that CAFs,
isolated from aggressive human tumors are strongly posi-
tive for B-Gal and y-H2AX foci and share a common tran-
scriptional program with senescent fibroblasts (Figure 5
and Suppl. Table 1). These results are in agreement with
previous published data showing that fibroblast stimulation
with TGF-B1 induces a senescent-like morphology, SA-B-Gal
activity and overexpression of senescence-associated genes
(Frippiat et al., 2001). Conversely, Untergasser’s group re-
veals several variations between cell senescence and TGF-
B induced fibroblast activation, such as the absence of a-
SMA expression in senescent cells or the lack of B-Gal posi-
tivity in TGF-B stimulated fibroblasts. Nevertheless, both se-
nescent cells and TGF-B-activated fibroblasts showed
increased secretion of growth factors, cytokines and compo-
nents of the extracellular matrix and degrading enzymes, as
well as the ability to support tumor growth (Bavik et al.,
2006; Laberge et al., 2012; Untergasser et al., 2005). Indeed,
the two models are not completely overlapping, as evi-
denced by the fact that senescent cells completely lose their
proliferation ability while TGF-p-activated fibroblasts are
only reversibly growth inhibited. However, senescence and
fibroblast activation certainly share many common features
that make these two cell types similarly active in promoting
tumor growth. In keeping with this idea, hypoxia synergizes
with both tumor progression due to CAFs contact (Comito
et al, 2012) and with senescence of fibroblasts (Coppe
et al., 2008). Moreover, CAFs used in our study were isolated
from tumor samples and not TGF-B activated in vitro. The
different sources of CAF strongly validated our initial
hypothesis.
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In keeping with the trophic effect exerted by senescent
fibroblasts (see Figures 2 and 7) the group of Lisanti demon-
strated that autophagic CAFs produce high-energy metabo-
lites to fuel cancer growth, induce p21 expression and a
morphologic cell hypertrophy associated with the induction
of B-Gal activity suggesting that senescent fibroblasts and
autophagic CAFs are two sides of the same coin (Capparelli
et al, 2012). In addition, senescent fibroblasts shift their
metabolism toward aerobic glycolysis as demonstrated for
CAFs (Goldstein et al., 1982; Stockl et al., 2006). Interestingly,
Capparelli et al. show that the distribution of B-Gal in human
breast cancers is largely confined to the tumor stroma,
reflecting the onset of senescence in the tumor microenvi-
ronment (Capparelli et al., 2012). Similar results were ob-
tained also by Yang et al,, in human ovarian cancer where
stromal fibroblasts adjacent to epithelial cancer cells (and
possibly tumor-educated/activated), are senescent (Yang
et al., 2006).

5. Conclusions

In summary, we have demonstrated that hypoxia-induced se-
nescent stroma is a key feature of PCa malignancy. Particu-
larly, our data highlight a great degree of similarity between
stroma activation (induced by cancer cell) and senescence.
Notably, the hypoxia-mediated miR-210 has a central role
both in cell senescence induction and in mediating several
CAF features, as the recruitment of inflammatory cells, tumor
vessels formation and in the production of high-energy me-
tabolites to sustain cancer growth. Consequently, systemic
therapeutic approaches that impair miR-210 function/expres-
sion could decrease the senescent-associated phenotype of
cancer-associated stromal cells and therefore reduce the can-
cer aggressiveness. These data highlight the importance of
developing miR-210-based approaches to prevent and treat
prostate metastatic disease.
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